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The Baldwin Effect: A Basis for Sex Differences
in Attitudes toward Technology and Sciencel

Abstract: This paper explores alternative explanations for the persistence of
difference between girls and boys in their attitudes toward technology and
science. Reference is made to data from a project designed to introduce
students in a science course to muitimedia technology in a manner that would
be conducive to encouraging girls as-well as boys to become competent and
interested and therefore willing to pursue further opportunities. This careful
construction of a learning environment still left differences in attitudes between
the sexes, raising the question about the meaning of these differences and the
efficacy of proposals to attain equality based on possibly incomplete
explanations. A model for participation that emphasizes the importance of
- individual interests and perceprions of abilities is proposed.

Introduction: It appears that despite conscientious artcrripts to equalize opportunities and
outcomes, sex differences persist in attz inment of careers in the related fields of mathematics,
science and technology (Meece & Eccles, 1993; Sutton, 1991; Shashaani, 1993). Much
concern has been expressed within each field about the impact of differential participation for
fulfillment of individual potential and of societal needs, and much effort has been made to
change the patterns of attitudes and behaviors that lead to unequal outcomes (Kahle & Meece,
1994; Fennema, 1990). What is significant is that substantial gains have been achieved in
providing equal opportunites and reducing bias, and yet the resultant inequalities of
attainment persist. This suggests that the causal relationships being used to explain the results
may not be adequate (Brush, 1980). If educational institutions are to contribute to the
attainment of equality for men and women, they must attend to those factors that impact the
interest and involvement of girls. Right now as computer and multimedia technology
becomes a major mode of information access and processing, problem solving, and
communication, it may be particularly important to examine explanations for differential
participation in this area in an attempt to ensure that women are not unfairly limited in their
opportunities (Burstyn, 1993).

The differences in achievement for men and women in these three areas have been
linked to similar causes (Eccles et al., 1985; Kahle et al., 1993; Chen, 1986; Burstyn, 1993).
Most explanations look to the environment for biases that lead to differential expectations and
opportunities for the two sexes. The consequences for women of fewer experiences and less
support are attitudes towards the subjects and towards their own abilities that do not
encourage the continued commitment required for career attainment. The purpose of this

11 wish to thank Optical Data Corp., Oregon City High School, and particularly George Cashdollar for
their assistance in this research.
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paper is to examine the effect on attitudes toward science and technology of an environment
designed specifically for encouraging girls as well as boys to learn to use multimedia
technology within a science class. In the process other factors postulated to have an impact on
attitudes are considered as well and a model for more adequately explaining participation
proposed.

Theoretical Background: Many factors have been identified to account for the differences
in the achievement of females and males in science, mathematics and technology, ranging
from differences in abilities for the two sexes to biases in the general societal milieu (Benbow
& Stanley, 1980; Matyas, 1985; Simpson & Oliver, 1990; Eruner et al., 1994; Leder, 1990).
Since'females perform at least as well as males in coursework into college (Adelman, 19G1;
Kimball, 1989), most discussion in these fields has highlighted the role of the environment in
creating differences in attitudes and participation, and consequently in attainment. While
much of the empirical work does not explicitly invoke a causal sequence, the general argument
suggests that, because of gender-role stereotyping in society, girls incorporate sexist beliefs
about these disciplines, such as the idea that they are male domains and not useful for
women's lives (Chen, 1986; Kahle & Meece, 1994; Campbell, 1989; Koohang, 1989). In
addition, biased attitudes and expectations toward females on the part of parents, teachers and
others (Kahle & Meece, 1994; Gerver, 1989) result in the creation of an environment that is
not encouraging for girls. The consequence is differences between the sexes in interest and
sense of efficacy. Once established, these attitudes affect the willingness of girls to participate
in relevant experiences such as classes, camps, or even casual play opportunities. Without
experience, girls' chances to develop their skills and advance their interest and confidence to
the same extent as boys are limited. The cycle culminates in fewer women pursuing careers in
these areas. ‘

More specific theoretical models that incorporate these variables have been constructed
_ by Fennema and Peterson (1985) in mathematics, in science by Kahle's group (Kahle et al.,
1993), and by Eccles and her colleagues for general academic choice (Ecctes et al., 1985).
And there is empirical support for many of the postulated re'~tionships (Simpson & Qliver,
1990; Kahle & Meece, 1994). However, there have also been conflicting results that raise
questions about the cequence as a whole (Kimball, 1989; Meyer & Koehler, (1990); Brush,
1980). Twc of the most important variables, and ones that can be directly addressed in
educational institutions, are the amount of experience with these subject areas, and the quality
of that experience (Ertmer et al., 1994). There is good empirical evidence in the area of
technolegy that experience is strongly related to a sense of confidence and comfort (Loyd &
Loyd, 1988). With careful structuring, girls participate equally (Arch & Cummins, 1989),
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and male and female interest tends to be similar when extent of prior experience is controlled
(Chen, 1986). However, there is also contrary evidence indicating that even with equal
experience, girls continue to be less enthusiastic about computers and science (Badagliacco,
1990) and to feel less efficacious than boys (Chen, 1986).

To account for this, attention has turned to the quality of the experience for the two
sexes, hypothesizing that the structure of the classroom and the nature of the interaction there
at worst replicate the biases found in the rest of society, or, at the least, are more conducive to
a positive response by the boys (Kimball, 1989). Girls do tend to respond more positively to
a different style of teaching than has been traditional in science education. A more cooperative
and interactive context and a teacher who is warmer and more supportive contribute to greater
lea.rning and more positive attitudes in girls (Johnson et al., 1985; Kahle, 1985). It follows
then that if girls and boys are placed in a situation that is supportive for the girls and provided
with the same experiences in technology and science, they will become equally interested in
the subject areas and equally confident in their abiliies. While some research is emerging that
explores the effects of the quality of experiences on attitudes (Ertmer et al., 1994), there is
little on the results for differences in the attitudes and choices of females and males. This
study was designed to determine whether establishing an environment that conforms to
standards for sex equity would produce equal outcomes for girls and boys in their attitudes
toward technology, science, and their own competence, as well as in their willingness to
engage in subsequent opportunities to use multimedia technology.

Methods and Data Source: As a result of a grant from Optical Data Corporation, a
project was launched in a suburban high school in the Pacific Northwest to introduce boys
and girls to the use of multimedia technology within the context of a project-based,
cooperative, student-centered biology course. Two classes with a total of 65 sophomores,
juniors, and seniors received careful, extensive instruction in the use of the technical
equipment as a resource for gathering information and for generating and testing hypotheses.
The teacher was known for being particularly supportive of students, and encouraged risk-
taking using the equipment. The school, the district, and Optical Data were united in their
concern about the need to incorporate technological knowledge into education at the high
school level and the need particularly to encourage girls to be sufficiently interested and
confident to pursue science and technology-based careers.

At the beginning of the school year, students completed questionnaires about their
attitudes toward computers and science, their prior experience with computers, and their sense
of efficacy in learning the new technelogy (Bandura, 1988; Arch, 1992b). They also
completed the Bem Scale of Masculinity/Femininity (Bem, 1974 ), with the Masculinity

-




E. C. Arch. “The Baldwin Effect:"

scores serving as the basis for ranking the students by "dominance" level. Students were then
placed into groups of four by same sex and similar dominance score, to ensure that ail
students would be operating in a context where they could feel comfortable and efficacious.
For the first nine weeks of the term, these groups engaged in cooperative science activities that
incorporated learning the use of the multimedia technology. After that, cooperative groups
were formed on a random basis and rotated periodically for different activities and projects
that included extensive opportunities to use videodisk players and barcode readers as well as
computers to access information and organize reports. Every aspect of the class was carefully
constructed to ensure sufficient instruction and support so that all students would be
successful with the equipment. The class also conformed to the guidelines for a sex-equitable
classroom. Specifically, there was extensive use of laboratory work and discussion; choice
and non-rule driven ways to accomplish learning goals were emphasized; and girls were
directly involving in actvities, with particular attention to preventing their domination by the
boys as well as any disparaging language and behavior (Kahle, 1985).

Twice during the year, students indicated how efficacious they were feeling about
using the equipment. Then, at the end of the course, they repeated the questionnaires about
their sense of efficacy and their attitude toward science and computers. In additon, they
indicated their future plans and reactions to the pace, organization, and emphasis of the class.
Analyses and comparison of responses on the different instruments form the basis for the
conclusions drawn.

Measures; Attitudes towards computers were assessed using the Computer Attitude Scale
(Richards et al., 1986), a 23 item, 5-point Likert-scale instrument (1 = Completely false and 5
= Completeiy true) with 3 subscales designed to measure liking of computers (including liking
and wanting to use, confidence in ability, comfort with the machines), computers as a male
domain, and the value of computers for future endeavors. Negative items were reverse-
scored and the item responses within each subscale averaged to get the subscale score. A
Survey on Science instrument (Optical Data Corporation) was used 10 assess Attitude towards
Science and Science Competence. This was a 31 item, 5-point Likert scale instrument (1 =
Strongly Disagree and S = Strongly Agree) with 5 subscales, only two of which were used.

Demographic information, prior experience with science and computers, enjoyment of
the course, and future plans were assessed through investigator-designed initial and final
questionnaires. A separate instrument elicited responses on interest, self-efficacy (task,
cognitive control and affective control), and anxiety using Likert-scale items (1 = Not ar All
and 5 = Very) (Bandura, 1977; Arch, 1992ab). The instructions on this form at the beginning
of the year asked about responses toward using the technical equipment during the coming
year, while the final administration asked how interested, confident, nervous, etc. the students
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were about using the equipment on their own in the future. The two administrations during
the year had instructions appropriate to current uses in the classroom.

The value of the multimedia equipment was assessed through averaging the responses
to five questions on the extent to which its use increased understanding in the science class.
Prior experience with computers was measured through a scale constructed from questions
asking whether the student had a computer in the home (Yes = 1), word-processed most
papers (Yes = 1), and could use common computer applications with a moderate degree of
efficiency (word processing, graphics, data base management, spread sheets, LOGO, auto
cad, CIS. One use = 1, more than one use = 2). Final grades were also obtained for each
student. _

Analyses. ANOVA, Pearson correlation coefficients, multiple regression, and -tests were
used to analyze the relationships between the variables when appropriate.

Caveat: Because of various changes during the school year, none of which was directly
related to the content or structure of the course, only 42 students (30 girls and 12 boys)
completed all instruments. Because of the small sample, the conclusions drawn are very
tentative.

Results and Discussion. Mean scores on the measures of attitudes before and after the
course are presented in Table 1 for all students, and for females and males separately. As can
be seen from the means for the entire group, general liking of computers went up significantly
over the year. There was a significant increase in confidence about doing a good job with the
equipment and about being able to control worry (cognitive control efficacy), and a decline in
nervousness. Also, students at the end of the year strongly supported statements about
enjoying the equipment and finding it valuable. And they indicated enjoyment of the science
class. It would appear that the class was generally successful in encouraging students to use
multimedia technology in the process of learning biology.

However, the issue is whether the experiencing of a sex-equitable environment for
learning multimedia technology and science would result in similar attitudes for female and
male students. And as can be seen from the data at the end of the year, here the results are not
as encouraging. While the girls enjoyed the class and did well, their liking of computers and
science and their sense of confidence that they could do a good job with the equipment did not
increase to the same extent as the boys or even declined slightly, leading to significant
differences between the two sexes by the end of the course. It would appear from this that not
only did an equitable opportunity not lead to equality of outcomes but it did not even
necessarily lead to equal gaips in attitude, that is, where the girls continue to be behind the
boys simply because they start behind. Instead, the boys responded more positively than the




Table 1: Comparison of Responses Before and After the Science Course

(5 high)
Pre

Total Girls Boys Total _ Girls Bovs
Like computers 3.62 3.57 370 401# -390 4.30*
Computers as a male domain 1.45 1.35 1.67* 132 126 1.82*
Computers valuable for future 417 - 423 4.06 429 444 . 4.10
Interest in ysing the equipment 3.92 3.59 4.53* 398 380 4.42
Confident can do a good job 3,76 3.63 4.00 424% 400 4.83*
How nervous feel 2.18 2,44 1.71* 183 1.9 1.67
Cognitive control efficacy 3.80 3.53 4.20% 420# 427 433
Affective control efficacy 427 4.06 4.65* 457 45 4175
Like science 3.36 3.34 3.39 335 3,19 3.78*
Feel competent in science 3.59 3.60 3.60 355 343 3.87*
Enjoved using equipment 419 4.1 442
Valye for learning in science class 376 363 4.08
Enjoved science class 434 424 4.58
Willing to use multimedia
equipment in future if given a chance 433 417 4.75%

_ Prior computing experience (4 high) 2.34 2.28 2.44

Grades (Percent) - 86.0 84.3
# Pre/post is significantly different p<.01

* Girls and boys significantly different p <.05




_E.C. Arch. “The Baldwin Effect:"

girls to the opportunity, leading to greater differences between the two sexes in some areas.
Perhaps most pertinent here is the evidence that at the end of the course there is a significant
difference between the boys and the girls in the extent to which they say they are willing to
use multimedia equipment in the future if given a chance. These results are not what would be
expected when -attention has been paid specifically to providing an experience where both girls
and boys are comfortable and competent. -

It is possible, of course, that the environment constructed in these classes was not
really "girl" friendly, despite all efforts. However, enjoyment of the class was quite high.
Fears were calmed. The attitude that computers are valuable for future endeavors remained
high. In addition, grades in the class and the teacher's perceptions of the girls and the boys
indicated little difference between them, if not some advantage for the girls in terms of
competence with the technology. And while it is possible to claim that the presence of some
other features in the classroom would have been beneficial, there is little research evidence to
suggest what those features might be. The teacher was a male, and it has been proposed that
girls need female role models as a base for a sense of their own power and potential.
However, the importance of this factor has not been generally supported (Nature, 1994,
Matyas, 1985). Here the teacher initiated this study with the hope of producing a very
positive resuit for girls. If it is the case, given the overall positive results and the
determination and care of the teacher, that the classroom actually was not as encouraging a one
in general for the girls as for the boys, then the environmental factors that ensure equity would
appear to be so subtle and so fragile as to make it unlikely that a widespread effort to institute
the "right" environment could be possible.

However, while it may be difficult to conclude that the quality of the classroom
experience was the cause of the unequal outcomes in attitudes, it still can be argued that,
because of societal biases, girls and boys may have entered the course with sufficiently
different experiences and attitudes that one year of encouragement and equitable treatment
could not have a significant impact. Yet, for these students, this too does not seem to be a
tenable explanation for the persistent differences. First, there was little difference in the
means for reported level of prior computer experience. And, importantly, this variable had no
- relationship for the girls to any of the initial attitude variables (except for a moderate
significant correlation with anxiety, r = -.363, p < .05). In other words, previous experience
with computers was not linked to interest or sense of efficacy in engaging the new
technology, nor to liking or valuing éomputers at the beginning of the year. It was also not
related to subsequent enjoyment of the course or to grades.

Second, initial general attitudes toward computers were very similar for the girls and
boys, both in feeling positive toward using them and in seeing them as having value for future

&
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endeavors. With the latter variable, it is noteworthy that on average the girls were more
positive than the boys. This has not been found to be true in previous studies of attitudes
toward mathematics, technology, and science. But perception of usefulness has been strongly
linked to differences in participation and achievement (Meyer & Koehler, 1990, Koohang, -
1989; Kahle & Meece, 1994; Eccles, 1983, Brush, 1980). Here, with a higﬁer valuation of
technology, girls would be expected generally to be more interested and willing to participate.
Since that was not the case, the role of attitudes about usefulness for women's lives in
predicting participation for girls has to be questioned.

' Third, there was a significant difference at the begirning of the year between boys and
girls on the scale tapping whether computers are perceived as a male domain. This persisted
at the end of the year, raising the possibility, as has been postulated (Meyer & Koehler,
1990), that gender-role stereotypes arg affecting enthusiasm for computers. However, the
means for both the boys and the girls, pre- and post-measures, were between "Completely
false" and "False much of the time" on a 5-point scale, with the girls lower than the boys. In
other words, support for these statements was at such a low level, particularly for the girls,
that explaining sex differences by sex-role congruency, where girls do not see technology use
as appropriate for their sex role, is not very tenable (c.f. Brush, 1980). Further, there were
similar means for girls (4.9) and boys (5.0) on the Bem Masculinity Scale, indicating that the
girls on average did not come into the class feeling less assertive than the boys. And, at the
beginning of the year, the girls were not significantly less confident in their ability todo a
good job than the boys. '

Finally, almost all the students had had science the previous year (girls: 92%, boys:
87%). And the lack of any initial differences between the two sexes in their liking of science
or their feelings of competence in science makes it difficult to conclude that the differences at
the end of the course were a consequence of what the students had experienced before the
course rather than a response to what occurred during the study year.

However, there were some factors with important differences between the sexes at the
beginning of the year that need to be examined. Despite the generally similar attitudes towards
computers and their own task efficacy, the boys and the girls at the beginning of the term were
different in their sense of how nervous using the multimedia technology would make them
feel, and how confident they were in being able to control their worrying (cognitive control
efficacy) and nervousness (affective control efficacy) enough to do a good job working with
the new equipment. This initial more negative affective response and lower efficacy on the
part of the girls could be the basis for differential experiences during the year. Yet, in
actuality, as is evident from the post-assessment, the course had a definite positive impact on
these factors, bringing the girls' averages closer to the boys. These data suggest that the
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differences in responses that might be attributed to differences in prior experiences were
amenable to the impact of this one year, in a positive direction.

It was only in the responses to the question on interest in using the equipment that an
initial significant difference between girls and boys persisted, being only somewhat reduced
during the course. Initial interest did correlate for the girls with initial liking of computers (r =
631, p <.0001), task efficacy r = .573,p < .001), and anxiety (r = -.376, p <.05), so
less interest is related to entering the course with less positive attitudes toward computers and
toward one's own ability. However, the correlation of prior interest with interest at the end of
the course was not particularly high (r = .39, p < .05) indicating that while girls are less
interested than the boys at both times, it is not necessarily the same girls who are at the lower
end of the ratings.

" This same shifting can be seen in Table 2 for the group asa whole in the relatively low
correlations between the pre- and post-measures for the attitude variables ted specifically to
this experience, even though the correlations for the more general measures of attitudes
toward computers and science were high. This suggests that it is worth examining the
responses of some of the individuals for whom this year-long experience in science and
technology clearly changed their attitudes to see whether the patterns are similar for girls and
boys. There was only one boy for whom the innovative science course did not lead to
substantial interest or willingness to use the multimedia equipment in the future. On the other
hand, there were a group of 5 girls who reported they were only somewhat willing to use the
equipment in the future (with 9 others who indicated they were somewhat to not-at-all
interested in using the equipment). There was also one boy who came into the course with
low engagement and ended the year with high willingness while several of the girls had a
similar pattern. Table 3 provides the patterns of responses to the variables for the two boys
and two of each type of girl.

The first boy, who will be called Mike, was most clear in his responses. He entered
the class liking computers and science, being interested and confidence about the possibility of
using the multimedia technology. He did well in the course. But by the end, although he still
professed to like computers and science, and to feel confident he could do a good job with the
equipment, he was just not interested. He did not enjoy using the equipment and did not find
it valuable for his learning. And he was not particularly willing to use it in the future if given
a chance.

Michelle and Maggie also ended up not being particularly willing to use the equipment,
but their stories are a bit more complex, with more concern about their internal responses and
their ability to cope with those (Arch, 1992). Michelle enjoyed using the equip: ient. She is

more interested in it than at the beginning of the course. However, she lost some of her
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Table 2: Correlations Between Variables Before and After the Course

Like science .67
Like computers .65
Feel competent in science .59
Computers valuable for future .47
Confident can do a good job 47
Interest in using multimedia equipment .37
Cognitive control efficacy 37
Computers as a male domain 35
Affective control efficacy 30
How nervous feel 27

L




Table 3: Responses of Individual Students

Pre Pstl Pre Pst! Pre Pst Pre Psti Pre Pst] Pre Pst

Like computers 48 50138 401] 46 3.1 28 38136 36138 35

Computers asamaledomain [1.0 101 12 3.01 1.8 22 36 18110 10f{1.8 10

Computers valyable for furyre 150 50] 47 45148 38/ 142 35148 501 4.0 4.5

Interest in using the equipment | 5 2 3 4 5 4 4 b 1 4 12 4
Confidentcan doaggodijob 5 s 4 3 ;4 1 4 5 2 4 3 g
How nervous feel 1 1 2 2 3 s 1 1 3 2 2 1
Cognitive control efficacy s 5 |4 313 1 3 2 [3 4 |4 5
Affective control efficacy 5 3 4 2 4 3 5 3 2 4 3 S
Like science 46 50136 32} 2.2 28 28: 28 36 28 24

1.8
Feel competent in science 4.1 49138 35|46 2.4 3,1 261 41 304135 33

Enjoyed using equipment 2 4 2 5 3 3
Value for learming in science 2.2 3.4 1.7 3.8 3.5 33
Enjoved science class S 4 3 4 3 4

Willing to use multimedia

equipment in future i 3 3 4 ' 4 4
Prior computing exper, (4 high) 2 4 2 4 1 4
Grades (Percent) 89 88 83 81 93 72
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confidence that she could do a good job with it, and was less sure she could control her worry
and nervousness enough to do so. For her, computers have become something that appeals to
boys more than girls. The other girl, Maggie, had even more concern about her anxious
responses to the equipment and was not at all sure she could control her worrying and do a
good job. She did not start that way, but during the term she found that she did not enjoy
using the equipment and did not find it valuable for her learning. It would seem unlikely that
she or the other two would actively seek out opportunities to use the equipment on their own
in the future.

" In contrast, Greg started the year with only a moderate interest in computers. He does
not particularly like science, or do well in it. However, he found he liked the technology a
great deal, and became very interested in using it. Gina and Giselle both started with
particularly low interest in using the equipment and with little sense of efficacy, either to do
the task, or to control their own nervousness and worry. However, by the end of the term,
while Gina was successful in the class and Giselle not, they were both quite interested and
confident in using the techology. They would be willing to use the equipment in the future.

It is apparent that the experience of this science class led some students to change in
their confidence and interest from where they started at the beginning of the year. It is also
apparent that the attitudes that result from this experience are strong predictors of
willingness to use the equipment in the future. Multiple regression analysié was performed
using Grades, Computers as a male domain, Liking for computers, Value of multimedia
equipment for learning science, Efficacy (created from questions about task, affective
control, cognitive control efficacy and anxiety), and Interest as predictors. The results
shown in Table 4 indicate that 74% of the variance in Willingness to use the multimedia
technology in the future is accounted for, with Efficacy and Interest the only variables with
significant coefficients.

To summarize, the resuits from this study indicate that difference between boys and
girls in average attitudes toward technology and science persist despite careful attempts to
improve the quality of the experience for girls. It is evident that prior experiences colored by
societal biases are not leading to a generally less positive response to this experience by the
girls. And at least in this milieu, the explanation that unequal or biased instructional practices
are the reason for continuation of sex differences, with the conclusion that changes in practice
can alleviate the differences, is not tenable. During the course some found the experience to
be interesting and positive, while for others it was not as positive as they expected. And their
level of confidence and interest translated into willingness to use the equipment in the future if
given an opportunity. What is pertinent is that here, as in other studies (Collis, 1985, Chen,
1986), the percentage of the girls who found the multimedia technology in the science class
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Table 4: Regression Coefficients for the Effects of the Independent Variables
on Willingness to Use Multimedia Equipment in the Future.

Independent Variables

R

Efficacy

Interest

Like computers

Computers as male domain
Equipment positive for learning
Performance (Grades)

.86 p<.0001 (R2 =.74)

47 p<.01
37 p<.05
.33
-21
.14
-.07
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somewhat less compelling is higher than the boys. The fact that there was another subset of
girls who reported considerable interest, who felt as comfortable and confident as the most
interested boys, and who stated they would be very willing to use the equipment in the future
if given a chance indicates that whatever contributed to the less than enthusiastic response on
the part of some of the girls was not a general characteristic of the class, a bias leading the
girls to find this opportunity to be a negative one for their interest and sense of self-
confidence. Instead, the course seems to be impacting individuals differently. And itisin
this direction that explanations must be sought.

Conclusions and a model for explaining differences in willingness to pursue
further experiences: This study produced results that, like other studies, do not clearly
suppbrt previous explanatory models for sex differences in attitudes and choices in
mathematics, science and technology (Meyer and Koehler, 1990; Kimball, 1989; Brush,
1980; Kahle & Meese, 1994, Fennema, 1983). Without evidence for particular bias against
girls, and with evidence that experiences in science and technology are received differently by
individual students, the focus of inquiry into the bases for sex differences in involvement with
these fields may need to shift from the general effects of societal pressures to intra-individual
differences in response to these opportunities (Eccles, 1987). This shift in focus means
greater emphasis needs to be put on the characteristics individuals bring to experiences that
then become clarified and specified to the individuals through those experiences, and lead to
different choices of activities. With the obvious caveat that the environment can distort and
restrict what is concluded about experiences and about the self, there still seems to be a
decision on the part of the individual about the extent to which some activities and subjects
"fit" with her or his own characteristics. Therefore, a model is proposed here that has as its
major focus the information about the self most salient to individuals when they conclude that
some experiences are worthy of continued pursuit, while other opportunities are less
compelling (See Figure 1).

Actual ability would certainly affect what is determined to fit with Sne's self.
However, while there is evidence for sex differences in mathematics ability (Benbow &
Stanley, 1980), and ability is a consistent predictor of level of course plans in that area
(Brush, 1980), in science and technology it is difficult to specify the particular capabilities
required and therefore what information is being used. And in all these fields, differences in
interest are apparent between boys and girls even when ability is taken into account. As
Fennema noted: "The problem with girls is not the ability to learn mathematics, but the
willingness to study mathematics"(Chen, 1986).

16 10




e

378V VAY Ad0D 1538 .

fam

‘fenplaipul ayj ufyjim uioiy
st ys1s13d pue ajedpipred 03 1ayjPYMm Jnoqe suoisap 105 snppdw Arewrnd ayj ‘as10yd pue sagrunpoddo uaarn

"aAne3au A[1u2IsISuod

J1 J19S Jo s10adse [[e autuuapun ued oudLdxy,

(90ury]d ‘SUONBIWI] OIUOU0I ‘sadK103131s [R1ORI pUR 19pUdd
AQ pa)oLLsal 9q ued 359YL) SIUI[LI ASN O} D|qujIAR

are santunuroddo 1eym saieoipus ospe aouanadxy,

‘SI9YI0 Yiim uostiedwoo ur Aprejnonred ‘sajqeea

[enpiAlpur noqe uonieuwocjut sapraoad soustredxy,

SYSLI 2)B} 01 SSAUSUI[[IM 'q
311 aansod ug saniiqe 99s 01 Kouapua, e ‘39
SO1IS1I3JoBIBY ) |BUOSIIJ

suotutdo s 1aY10 01 ssauaaisuodsay o

sasuodsai snoixue yum 2dod o1 Lnjiqy "q
sasuodsal snoyxue Jo pooyiayiy e ‘39
sosuodsay A1V

+J198 IS jey} suolIpuod 3BILY <<

4Je pood aie jeym uj aziepIdg, << 15943ju] pug ssaudui[jipp<< (sjutexsuod
[ewawiuonAuo Jenonred 1oy predarnoyim
saniAnoe ogroads ansind o3 st fenpiAiput 3yt
K[ox1 270U1 OY} ‘a1 259Y) J1a3uons 3Y])

$1SQIIUT OISULIU] *q
soniqy ‘e 39
HE GEZAN L)

+SHILINNALIOAdO
JO10HD "TVINIANOUIANA TVAUIAIGNI

vorjedidnre] panunuo) Sundipal] sajqentes uaamjaq diysuorje[ay 103 [PPOIA :1 2ndiy

Aruitoxt provided by Eic:

E\.




E. C. Arch. “The Baldwin Effect:”

It is also obvious from these data and others that the objective outcomes of
participation, €.g. performance measures such as grades, are not necessarily indicative of the
extent to which individuals find themselves engaged and eager to pursue a field. In this study
interest and willingness were not related to grades. In fact, the average grades for the girls
least interested was slightly higher than the general average, and the least interested boy also
performed well. Numerous other research results indicate that even with no differences in
achievement in the classroom and no difference in teachers' assessment of competence or
comfort, girls still are less confident, giving lower estimates of future success, the variable
crucial for persistence in a field (Meyer & Koehler, 1990; Chen, 1986; Kimball, 1989).
Eccles (1983) has noted that it is perceived ability rather than objective measures of ability that
relate to interest in further work. However, the question of what information is being used to
form these conclusions about the self stll remains.

Perhaps the evidence of ability that is being utlized internally by the individual is the
attribute captured in questions about "ease” of performance. Males have on average reported
finding mathematics "easier," even in situations with no reported sex differences in general
liking and interest (Brush, 1980), and where both sexes achieve equally. They also are
significantly higher in perception of natural talent in math, although they tended to over-
estimate their ability (Bombholt et al., 1994), a personal characteristic that may serve them
well. The same has been reported in relation to physical science topics, even where observers
see no evidence for greater ease or competence (Kahle et al., 1993). It would 2ppear that the
pertinent information to individuals about their abilities may come from the doing, not just the
outcome, and that this internal conclusion is not manifested in any particular overt manner that
others can observe.2

A related factor contributing to individuals' conclusions about whether a subject fits
their cognitive abilities is perceived effort (Eccles et al., 1985). With good effort it is possible
to do well, even though a task is not particularly compelling. However, the more effort
required, the more the attribution of the cause of success is to that effort: the conclusion drawn
is that one is not particularly good at this task(Bornholt et al., 1994), even if it is generally
valued. And the outcome is likely to be less interest in persisting in that field. While females
are more motivated to achieve than males (Simpson & Oliver, 1990) and perform well, they
are more likely than males in general to attribute success to effort, and in particular to indicate
higher effort in mathematics than English (Fennema, 1985; Brush, 1980). This would
contribute to more females deciding to pursue the latter field rather than the former.

2Almough standardized achievement test scores may reflect this since they are not tied to specific content
where effort can make a difference (ETS, 1991; Kimball, 1989; Kahle & Meece, 1994).
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Figure 2: Mean Responses to Questions about How Nervous Using the
Equipment Makes Feel, By Girls and Boys
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In addition to ability, there is another factor indicative of cognitive fit, a variable that
captures the sense of some activities' being more "compelling"” than others. That is personal
interest. Dect {1992) looks at interest as evidence of intrinsic motivation, the basis of sef-
determined activity "of interest to one's intrinsic self and ... thus freely undertaken” (p. 44).
Interest can be generated within a situation and lead to individual commitment to continue
involvement in an area (Hidi, 1990). However, experience does not necessarily have this
result, indicating that some things just inherently fit better with some individuals' "intrinsic"
selves and not with others. In terms of explaining average sex differences, this suggests there
may simply be differences in personal interest in response to opportunities in technology and
scien_c':e, with more boys finding themselves "intrinsically” interested (although certainly not
all) and fewer girls (although certainly some).3

" Besides clarifying cognitive fit, a particular activity may provide information to
individuals about their affective responses to participation in a field and their ability to control
those responses enough to do a good job. Females seem to respond anxiously more than
males generally (Maccoby & Jacklin, 1974), and report greater anxiety when involved in
science, mathematics, and technology (Brush, 1980; Chen, 1986). For example, it is quite
clear in Kahle et al. (1993) that confidence in science ability for girls is linked specifically to
fear of making a mistake: "I might put the wrong thing in the botties." "I would make a lot of

mistakes.” "If I was doing an experiment, I would put the wrong potion in." "I am so dumb
that I would mess everything up” (p. 390). Mathematics, science, and technology tend to
stress right answers and procedures, and the errors can be highly visable. As a consequence,
females may be less willing to take the risks that lead to real engagement (Licht & Dweck,
1983; Arch 1993).

Further, Bandura (1977) noted that the greater the sense of efficacy, the less the
anxiety. And this is supported by the data from this study as experience with the technology
grows. Yet, as can be seen in Figure 2 that tracks how nervous using the multimedia
equipment makes students feels, anxiety was reduced during the year with experience and
increased confidence, but when anticipating how anxious they would be in the future, the
average response went up again. If females are more likely to respond anxiously to
prospective opportunities, to the thought of trying something new (Kimball, 1989), fewer will
decide to pursue those opportunities. In addition, an important component of seif-efficacy,

especially for females (Arch, 1992a), is confidence in one's ability to control anxiety enough

3Inwrestcdly. in this study the grades for the boys in a comparable, non-technology focused science class
were considerably lower (this is more typical, since girls tend to do better in science coursework (Kahle &
Mecce, 1994)), raising the possibility that over and above any differences in interest in biological science,
the introduction of the technology was particularly attractive to the boys, creating a positive response in
more of them that translated into better course grades.
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to do a good job. The lack of such confidence would aiso contribute to the decision that a
particular subject area does not "fit" with one's intrinsic self.

What is being suggested is a different model than is currently accepted to explain the
origins of sex differences in average attainment in various fields, one that puts the individual's
abilities and characteristics first in the sequence, and most primary for determining willingness
to participate. As the model indicates, opportunities and encouragement will provide the
specific content of interests, and the specific directions that are possible to take. However,
this information is used internally to hone understanding of one's own abilities and interests
that then affect choices of future activities. The farther along in school and life, the freer of
parental and societal dictates individuals become and the more they must decide about how to
spend their lives (Scarr & McCartey, 1983). The cumulation of the conclusions about one's
own interests and abilities, resulting from the experience of doing, will weigh heavily in those
choices. It seems obvious that, when given a choice, individuals will not choose to do
something they have found takes effort, appears to them to be something at which they are not
particularly good, fails to capture their interest, and raises anxiety and questions about coping.
If fewer girls than boys have found themselves interested and comfortable in particular areas
despite encouragement and successful outcomes, than fewer will pursue those fields.

This does not suggest that no efforts should be made to encouragé all to participate and
to be confident4 Certainly, any efforts to generate interest, reduce anxiety, and build efficacy
can lead only to more girls and boys deciding to participate in further opportunities in science,
technology, and mathematics. However, former arguments have put too little emphasis on the
effects of individual characteristics, abilities, and interests. As was evident in this study, not
all will respond in the same way to the same opportunities no matter how carefully
constructed; equity of opportunity and encouragement will not necessarily lead to equality. To
attribute difference in response primarily to environmental bias would appear to be misguided.
Instead, attention to personal interests, to the individual's sense of "fit," may make disparate
research results more intelligible and lead to an educational process designed to serve the
needs of each girl and boy more effectively. The point is that many of the differences in what
people do occur because individuals are interested in and eager to pursue different things. It is
the BaldwinS effect -- "people specialize in what they are good at and so create conditions that
suit [them]" (Ridley, 1993, p. 252). Itis a matter of choice.

4Clearly, the factors involved are complex, with differential effects for different cultural groups and
sociceconomic levels (Meece & Eccles, 1993; Sutton, 1991).

Spsychologist James M. Baldwin, 1861-1934.
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